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Abstract: Proper management of waterfowl requires knowledge of their physiological requirements during molt. Thus, we collected data on carcass mass and nutrient dynamics of flightless mottled ducks (Anas fulvigula) in Louisiana in July and August 1988, to determine if they used endogenous reserves to meet energetic and nutritional demands during remigial molt. As remex length increased, carcass mass decreased (r2 = 0.37) in males, but both males (r2 = 0.25) and females (r2 = 0.45) used lipid reserves. Carcass protein did not change (P > 0.05) in either sex during molt, but the breast mass of males declined (r2 = 0.29). We estimated that the lipid reserves of mottled ducks provided existence energy for only 33% (9 days) of the 27-day flightless period. Use of reserves may allow mottled ducks to reduce activities and exposure to predators, but exogenous nutrients apparently fulfill the bulk of their requirements during remigial molt. This suggests a need for management plans that result in habitat that provides both dense cover and food. Manipulative experiments should be designed to test hypotheses regarding regulation of nutrient reserve mass during remigial molt.
J 
STUDY AREA AND METHODS
We collected mottled ducks in various stages of molt by night-lighting and netting from an airboat during July-August 1988; 2 additional molting females were collected in early October 1988. Specimens were collected from a tract of freshwater marsh located about 10 km northwest of Rockefeller State Wildlife Refuge, Cameron Parish, Louisiana. We collected birds from only 2 locations to minimize potential variability due to habitat differences. Paulus (1982) provides a detailed description of the study area.
After collection, we allowed plumage to dry, then determined mass of the birds to the nearest 0.1 g. We calculated a molt index by summing the lengths (measured to ?0.1 cm) of primary remiges 5, 9, and 10, and secondary remiges 5 and 10. We plucked and re-determined mass (+0.1 g) of the birds to determine fresh plucked mass, removed and determined mass (?0.1 g) of the ingesta, bill, tongue, and feet, and then subtracted the sum of their masses from fresh plucked mass. We defined the result as carcass mass.
We dissected the ducks and determined the mass (?0.1 g) of the left breast muscles (pectoralis, supracoracoideus, and coracobrachialis) and left leg muscles (all muscles having either their origin or their insertion on the femur or tibiotarsus [Ankney 1979 ]). After carcasses were dissected and frozen, we allowed them to partially thaw and then passed them 3 times through a commercial meat grinder equipped with a 5-mm sieve plate to obtain a carcass homogenate. We removed a 90-to 100-g sample from each bird for determination of carcass components.
After samples were dried to constant mass at 90 C to determine water content (Kerr et al. 1982) , they were homogenized further by passing them repeatedly through a coffee grinder and then mixing them by hand to maximize homogeneity. A 6-to 10-g subsample of this homogenate was used for proximate analysis of carcass composition. Lipid content (?0.001 g) was determined by petroleum ether extraction in a modified Soxhlet apparatus (Dobush et al. 1985) . Lipid-free subsamples were incinerated in a muffle furnace at 550 C for 6 hours to determine mineral ash content (?0.001 g). We estimated carcass protein (?0.001 g) by subtracting ash from lean dry mass. Methods of carcass analysis followed Alisauskas and Ankney (1985) .
We used simple linear regression with the molt index as the independent variable to determine if dependent variables (e.g., mass, carcass lipid) changed during molt. Mass and nutrient dynamics may be curvilinear in some species of molting waterfowl (Ankney 1984 
RESULTS
We collected 31 flightless mottled ducks (15 males, 16 females) in all but the last stage of wing-molt (i.e., no birds were collected that had recently regained flight). Male carcass mass declined (r2 = 0.37, P = 0.02), but female carcass mass did not change (r2 = 0.16, P = 0.13) during molt (Fig. 1) . Carcass lipid content declined in males (r2 = 0.25, P = 0.06) and females (r2 = 0.45, P = 0.01) during molt, but carcass protein levels did not change in either sex (r2 = 0.17, P = 0.12 males; r2 = 0.02, P = 0.62 females) ( 
DISCUSSION
Both sexes of mottled ducks used lipid reserves for energy during molt. However, we estimated that these reserves provided only about 33% (9 days) of the energy necessary to meet the existence requirements of mottled ducks during molt. We based this estimate on the calculation of existence energy requirements for mottled ducks using the nesting/molting equation for nonpasserine birds (Kendeigh et and exposure to predation during molt, as has been suggested for mallards (Pehrsson 1987 , Panek and Majewski 1990). Interestingly, the nearly equal Y-intercepts of males and females suggest that lipid reserves were similar between the sexes at initiation of molt. This implies that females were able to recover from their greater commitment of reserves to reproduction (Moorman 1991) . However, we were not able to determine reproductive success of the molting females in our sample. Hence, this conclusion should be considered tentative pending studies that use marked birds to assess the potential effects of reserve use during reproduction on nutrient dynamics during molt.
The decline in breast mass of male mottled ducks might have resulted partially from catabolism of intracellular lipids (Raveling 1979 , Gaunt et al. 1990 ), but atrophy from lack of use seems a more likely explanation (Ankney 1979 ). The breast muscle of males might supplement their energy or protein requirements during molt. However, although the protein requirements of feather synthesis in waterfowl may be high relative to other annual events (Heitmeyer 1988b ), studies of mallards and several species of geese indicated that requirements of molt were met from exogenous nutrients (Ankney 1979 (Ankney , 1984 Raveling 1979; Mainguy and Thomas 1985; Heitmeyer 1985 Heitmeyer , 1988a . Given the relatively small reserve (approx 30 g) that the breast muscle could provide, we suspect the benefits accrued by males are slight. Furthermore, the lack of change in carcass protein in either sex suggests that protein requirements were met with exogenous nutrients, requirements were too small to cause detectable changes in protein reserves, or the power of our tests was too low to detect trends in carcass protein. Panek and Majewski (1990) suggested that flightless mallards declined in mass because of reliance on endogenous reserves and that this strategy allowed for reduced activity levels and lowered the risk of predation. Pehrsson (1987) suggested that the decline in mass of flightless mallards was an adaptive strategy to reduce maintenance energy requirements and simultaneously shorten the flightless period by reducing wing-loading. Pehrsson (1987) also indicated that use of reserves may have allowed mallards to occupy habitat offering cover from predators even if food was scarce in that habitat. We agree that use of lipid reserves probably allows mottled ducks to reduce activities and the associated risk of predation, but we believe reduced wing-loading probably is a benefit of nutrient reserve use and not the cause of the strategy. Additionally, our data indicate that molting mottled ducks obtain a significant portion (approx 67%) of their energy requirements from exogenous sources.
Finally, if it is adaptive to store and use lipid reserves during molt to lower the risk of predation, then mottled ducks should store reserves (assuming food abundance permits) to the extent that little or no feeding is required during molt. However, mottled ducks had reserves that would meet existence requirements for only about 33% of the flightless period, which suggests that their lipid reserves reflect a balance between the benefits of reduced activity and the cost of increased wing-loading. For example, if lipid reserves were too large and not fully utilized in late molt, escape flights probably would be impaired by the additional mass, and the length of the flightless period and associated risk of predation probably would be increased (Pehrsson 1987) . Alternatively, if reserves were too small, foraging time might be increased, resulting in increased exposure to predators (Panek and Majewski 1990).
RESEARCH AND MANAGEMENT IMPLICATIONS
Hypotheses regarding regulation of nutrient reserves should be tested by manipulating the mass of ducks during remigial molt. Also, studies should be performed on female ducks equipped with radio transmitters to examine how reserve use during reproduction affects nutrient reserve dynamics during remigial molt.
Our findings also suggest a need for habitat that offers both dense cover and abundant food resources. Ideally, areas of permanent, deepwater marsh should be managed to ensure production of aquatic vegetation that provide food for molting mottled ducks (Stutzenbaker 1988 ). This may require periodic draw downs of impounded areas. Therefore, draw downs should either occur prior to initiation of remigial molt by large numbers of mottled ducks, or where impounded areas are adjacent to each other, draw downs should be rotated to ensure habitat availability for molting mottled ducks. 
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